Aim: To describe a new device for the transcervical collection of amniotic fluid (AF) in patients with ruptured membranes, and to compare the concentration of proteins in fluid retrieved by transabdominal amniocentesis and the transcervical AF collector. Study design: Paired AF samples were collected in patients with preterm prelabor rupture of membranes (PROM) (n = 11) by transabdominal amniocentesis and with the transcervical AF collector (Yoon's AF Collector™). Three proteins known to have high concentrations in AF [α-fetoprotein (AFP), β-human chorionic gonadotrophin (β-hCG), and prolactin] were measured. Results: (1) There was a significant correlation between the concentrations of analytes in AF obtained by transabdominal amniocentesis and by the transcervical AF collector (r = 0.94, P < 0.001 for AFP; r = 0.96, P < 0.001 for β-hCG; r = 0.72, P < 0.05 for prolactin); (2) Bland-Altman plots showed no evidence of heteroscedasticity between transabdominal or transcervical AF concentrations of these markers. Conclusions: There was a strong correlation between the concentrations of proteins in AF collected by amniocentesis or with the transcervical device.
Introduction
Rupture of membranes (ROM) occurs spontaneously during the course of labor [1] . Prelabor rupture of membranes (PROM) is defined as chorioamniorrhexis prior to the onset of labor and complicates 10% of all pregnancies [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] ; in 2% of the cases, it occurs in preterm gestations [1, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . Preterm PROM accounts for 30-35% of all preterm births [21, 24, 38] .
Amniotic fluid analysis is used to assess the likelihood of intra-amniotic infection, intra-amniotic inflammation [32, , and fetal lung maturity [73, [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] [93] [94] [95] in preterm PROM. Amniotic fluid can be retrieved with amniocentesis; however, this procedure is technically demanding in the context of rupture of membranes due to the decreased volume of amniotic fluid frequently observed in these cases [37, 96, 97] .
We report herein a novel device designed for transcervical collection of amniotic fluid. The purpose of this article is to describe the device and to report the concentration of proteins in amniotic fluid collected transabdominally, as well as that obtained transcervically with the use of the device. For this, we measured α-fetoprotein (AFP), betahuman chorionic gonadotropin (β-hCG), and prolactin, which are known to be present in high concentrations in amniotic fluid [98] [99] [100] [101] [102] .
Materials and methods

Study design
Eleven women with singleton pregnancies admitted to the Seoul National University Hospital, Seoul National University Bundang Hospital, or Dongguk University Hospital, Korea, were included in the study. All patients had the diagnosis of preterm PROM ( ≤ 35 weeks of gestation). Amniotic fluid was collected using the new medical device described herein. Transabdominal amniocentesis was also performed to examine the presence or absence of intra-amniotic infection and/or inflammation and is part of the standard of practice in our institution.
The retrieval of amniotic fluid was performed after obtaining written informed consent from the patients, and the Institutional Review Boards of the Seoul National University Hospital, Seoul National University Bundang Hospital, and Dongguk University Hospital approved the collection and use of these samples and information for research purposes.
Collection of amniotic fluid
Transcervical amniotic fluid collection was performed with the transcervical amniotic fluid collector (Yoon's AF Collector™), which was developed and patented by the authors (patent number: Korea 10-1170053-0000). The collector was placed against the cervix during a sterile speculum exam and fixed with a silicon balloon. Amniotic fluid that leaked through the cervix pooled into the collector (Figure 1 ). Transabdominal amniotic fluid was obtained after transcervical amniotic fluid collection by amniocentesis under ultrasonographic guidance as previously described [78, 103, 104] . Amniotic fluid was centrifuged for 10 min, and stored in polypropylene tubes at -70°C until assayed.
Amniotic fluid analysis
Amniotic fluid was assayed for AFP, β-hCG, and prolactin by immunoradiometric assays (IRMA) with commercially available kits (AFP: Immunotech, Prague, Czech Republic; β-hCG: Shinjin, Seoul, Korea; prolactin: Shinjin, Seoul, Korea).
Statistical analysis
The concentrations of amniotic fluid proteins in samples retrieved either by transabdominal amniocentesis or using the transcervical amniotic fluid collector were compared using Spearman's correlation and Passing and Bablok regression analysis. Bland-Altman plots were used to evaluate the differences between protein concentrations obtained from transabdominal amniotic fluid and those retrieved transcervically. We used SPSS version 20.0 for Windows (SPSS Inc., Chicago, IL, USA) and MedCalc version 12.7.1.0 (MedCalc Software, Mariaherke, Belgium). A P-value < 0.05 was considered significant.
Results
The clinical characteristics of patients enrolled in the study are summarized in Table 1 . None of the patients developed clinical chorioamnionitis. Figure 2 shows the distribution of protein concentrations in fluid collected either by transabdominal amniocentesis or using the transcervical amniotic fluid collector. The transcervical collector was effective in collecting amniotic fluid from all patients. There was a significant correlation between the concentrations of analytes in transabdominal and transcervical amniotic fluid (Spearman correlation coefficients: r = 0.936, P < 0.001 for AFP; r = 0.964, P < 0.001 for β-hCG; r = 0.718, P < 0.05 for prolactin; Figure 3 and Table 2 ). Bland-Altman plots showed no evidence of heteroscedasticity between transabdominal and transcervical amniotic fluid concentrations of these markers ( Figure 4 ). Passing-Bablok regression analysis revealed neither constant distance (with intercept including 0 for all of proteins) nor proportional difference (with slope including 1) for all three proteins (Table 2) .
Discussion
Principal findings of the study (1) We describe a new device for the transcervical collection of amniotic fluid from patients with ruptured membranes; and (2) a strong and significant relationship was observed between the concentration of proteins in amniotic fluid obtained by the transabdominal and transcervical method. 
Amniotic fluid analysis in the assessment of patients with ruptured membranes
Amniotic fluid analysis has been used to study fetal lung maturity [80-82, 84, 85, 89-92, 94, 105] , karyotype, intraamniotic inflammation, and microorganisms (bacteria and viruses) [32, in patients with preterm PROM. Fluid obtained from the vaginal pool has been employed to assess fetal lung maturity [73, [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] [93] [94] [95] 105] . However, this fluid cannot be used for the assessment of microbial invasion of the amniotic cavity or the assessment of intraamniotic inflammation, because bacteria are normally present in the vagina, and vaginal fluid contains a high concentration of inflammatory mediators [44, 51, 54, 56, 59-61, 75, 76] . Therefore, we devised a method to obtain amniotic fluid noninvasively, by collecting this biological material directly through the cervix before it reached the vaginal canal. Ultrasound images demonstrate that this fluid is present in the cervix of patients who have ruptured membranes, and can be seen with color Doppler in the endocervical canal [106] . Obtaining amniotic fluid noninvasively can allow assessment of patients with severe oligohydramnios in which amniocentesis is not possible. Moreover, it allows serial evaluation of patients with preterm PROM without repeat amniocentesis.
Collection of amniotic fluid by a transcervical amniotic fluid collector
We obtained amniotic fluid using a transcervical amniotic fluid collector designed for this specific purpose. This device has the following features: (1) it allows collection at the level of the external cervical os, and thereby reduces (Figure 1 ). Importantly, there was an excellent correlation between the concentration of a set of analytes in fluid retrieved by transabdominal amniocentesis and the use of the transcervical amniotic fluid collector, suggesting that this method may be useful in assessing the composition of amniotic fluid in patients with preterm PROM. Future studies are required to determine if this material can be used to assess the likelihood of intra-amniotic inflammation and fetal lung maturity. This was a feasibility study; therefore, the sample size was small. We measured AFP, prolactin, and hCG, all of which are known to be present in high concentrations in amniotic fluid. It would be important to assess other components of amniotic fluid, including "omics" characterization (proteomics, metabalomics, lipidomics, etc.).
Conclusion
We describe a new device for the collection of amniotic fluid from patients with ruptured membranes. The transcervical amniotic fluid collector might be useful in the evaluation of amniotic fluid in patients with ruptured membranes. 
